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0 s 1 and Wild Landscape

The impacts of the herbicide dicamba to wild plant mmmmﬁﬁm and wﬁmﬁm habitat in agricultural imdﬁmmﬁ

Nidespre

ore than five million acres of crops, an area
roughly the size of New Jersey, have been

injured by the herbicide dicamba since the
U.5. Environmental Protection Agency (EPA) conditionally
registered three new formulations for in-crop applications
in dicamba-resistant soybeans and cotton in 2016. Damage
from this highly mobile herbicide does not stop at the

field edge: dicamba drift places tens of millions of acres of
wild and ornamental plants——and the wildlife these plants

support—at risk.

Threatens

Dicamba is highly volatile, easily evaporating from plant
and soll surfaces, and can continue volatilizing days after
application. Thousands of pesticide injury complaints over
the past three years in states across the Midwest and South
demonstrate that increasing dicamba use is causing injury
thousands of feet from treated crop fields, especially
during temperature inversions and in warm weather. Much
of this damage is difficult to monitor, document, and
investigate-—and s not covered by federal crop insurance.

ED_005172A_00000475-00004
ED_005172C_00000311-00004



“The drift has been trespassing onto our land and damaging both our crops
and conservation land, which is damage to taxpayers’ dollars. However, the way
the system currently works, it just pegs farmer against farmer, neighbor against
neighbor, and leaves the whole area damaged both physically and socially.”

Dollas Glazik, Cow Creeh Organic Farm co-owner and operator

Investigating claims of damage can be intrusive, time-
consuming, and damaging to community relationships,
resulting in both social strife and economic loss for farmers.

States have implemented a patchwork of regulations

to address off-target injuries, but changes to already
complex label language and increased applicator training
requirements have not been effective in preventing off-site
dicamba movement and injury. The majority of reported
injuries clearly coincide with the widespread planting

of dicamba resistant soy and cotton and the associated
increases in mid-season over-the-top applications. There ave
also some concerns with other uses of dicamba and related
phenoxy herbicides throughout the growing season.

The use of the new formulations of dicamba that allow for
over-the-top use has not gone unchallenged. The EPA was
forced to cancel the registration of three dicamba products

in 2020 after a federal appeals court ruled that the EPA's
approval of them had "substantially understated” or “entirely
failed to acknowledge” multiple risks associated with
dicamba. Despite this court ruling, along with a recent $400
million settlement that compensates farmers for dicamba-
related crop damage, the manufacturers are pursuing new
registrations for these products for the 2021 growing season.
As dicamba herbicides move off their intended application

site, they pose threats to wild plants and the wildlife that depend upon them. Loss of native plants
and declines in forage quality poses risks to bees and other beneficial insects that rely on pollen
and nectar for food. These risks ripple through numerous food webs, including those of birds,
which rely on a wide variety of plants and invertebrates for food resources. This report will discuss
what's known about the wider ecological impacts of dicamba and related herbicides to native

plant communities and the wildlife they support, and provide a few short-term and long-term
recommendations for reducing environmental harm from these volatile herbicides.

;|

Post ogk with deformed a
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Mounting evidence suggests that current dicamba products and uses are

causing unreasonable adverse effects on the environment, even when used
sxactly as specifisd on the labels. Based on whal is Known of the impacts of
dicamba on off-target species, we have the following recommendations for
any fulurs decisions on reregistering dicamba for agriculiural uss;

& The EPFA should not rensw over-the-lop product registrations unless
and untll ndependent research shows with cerfainty that dicamba
formulations will not cause off-targst injury to crops and wild plants.,
including from vapor drifl,

& The EPA should Include a full risk assessiment for animal and plant
species listed under the Endangered Species Act, migratory birds,
native pollinators, and agualic iife thal includes dirsct and indirect
effects from exposure 1o dicamba due 1o diift, volatilization, and runoff.

» The LISDA should reject petitions for the deregulation of additional
dicamba-resistant crop varietiss that would resul] in increased use of
dicamba, unless and untll independent research shows with certainty
that associgted dicamba formulations will not cause offtarget injury to
crops and wild plants, including from vapor deift

+ Suslainable weed managemen! ncludes adoplion of multiple
approaches to managing weeds rather than an overrellance on
herbicide-only weed control Greater investiment is peeded o suppord
resparch on integrated weed management and the ecological impacts
of herbicide use. Financial resources are also needed o support the
development of econamic and behaviveal drivers that will increase
adoption of these multi-tactic approaches 1o weed management

For a comprehensive list of alf our recommendations please refer fo page 34

Short-sared owd {or com e, Credit Rob Kanfel
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ince their introduction in the mid-20th
century, herbicides have largely replaced

other weed management strategies on
American farmland. Starting in the 1990s, certain
crops were genetically engineered to withstand
the herbicide glyphosate {ie. glyphosate resistant)
which was found to be extremely effective in
controlling perennial weeds. Herbicide-based
weed management was simple and cost-effective,
and by 2015, glyphosate-resistant corn, cotfon,
and soybean varieties were planted on more than
85% of their respective crop acreages.! However,
the near-universal adoption of glyphosate-
resistant crop technology for weed control led to
the development of substantial weed resistance
to glyphosate. Glyphosate-resistant weed species
have emerged in at least 120 million acres of row
crop flelds, particularly in the Midwest and mid-
South.? Loss of efficacy has fueled farmer demand
for new herbicide options to combat resistant
weeds in crop fields.

Dicamba was first introduced in the 1960s and
has been widely used for broadleaf weed control
ir crops, lawns, and turfgrass. Dicamba and the
similar herbicide 2,4-D are synthetic auxins, or
growth regulator herbicides that mimic plant
hormones and disrupt growth in broadleaf plants,
including many weeds. In crops, these pre- and
post-emergent herhicides have historically been
used at the beginning of the growing season to
“burn dowrn” annual broadleaf weeds to prepare
crop fields for planting.

paliive annual weed in row CrOPS ke &

Dicamba and several other related growth
regulater herbicides are volatile compounds with
a relatively high vapor pressure—meaning they
are move likely than other herbicides to evaporate
and move away from the site of application as
vapor drift. Nontarget crop and wild plant injury
from dicamba vapor drift has been a recurrent
issue for over five decades, and has generally
limited the allowable uses and popularity of
dicamba in or near broadleal crops untll new
products marketed as lower volatility were
released in the past few years.

oviean. Cradit United Soybean Board/Fi

Since 2015, several companies, including
Monsanto (recently acquired by Bayer}, BASE Dow
Agrosciences and DuPont (now DowDuPont, with
the agricultural division Corteva Agriscience),
have released proprietary crop seeds resistant

to dicamba [Xtend soybeans, XtendFlex cotfon)

or 2,4-1 (Enlist}, and/or new formulations of
dicamba or 2,4-D herbicides intended for in-crop
use with these seed technologies” The seeds are
generally dually resistant to glyphosate as well as

dicamba or 2,4-D, with some seed products also
resistant to the herbicide glufosinate (Liberty,

ED_005172A_00000475-00007
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While early season burndown
use of dicamba herbicides has
always posed some concerns, the
level of drift injury has spiked

since the introduction of new
in-crop formulations used later

in the season, when temperatures

are higher.

manufactured by Bayer). The new herbicide
formulations, released in time for the 2017
growing season, were marketed as being able
to reduce vapor drift, or the movement ofthe

gaseous form of an herhicide that has volatilized

from its liquid or solid form to a vapor. In

order to reduce particle drift, or the movement

of solid droplets of herbicide solution away
from application equipment, the labels of the
new formulations were modified, cutlining
more strict application guidelines than those
of older formulations.

{EPA) conditionally registered three formulations
of dicamba—Bayer-Monsanto’s XiendiMax, BASF's
Engenia and Corteva’s FeXapan-—ifor over-the-top
crop applications in dicamba-resistant soy and
cotton in late 2016, there have been widespread

reports of dicamba drift and damage to both crops

Dicamba is commonly appiiad sarly i the fo conirol emerging wee

and natural areas. The amount of dicamba applied
to all US crops more than doubled in 2017 relative
to 2016, driven by the increased use in soybeans
and cotton, and an estimated 3.6 million acres

of non-dicamba resistant soybeans were injured
at some point during the year®% No estimates

are available for the acreage of vulnerable wild
plants injured by off-target herbicide movement,
but complaints to weed scientists and state
departments of agriculture about suspected
dicamba injury to trees, vegetables, ornamental
plants and commercial nurseries were higher in
2018 than previous years.”

Dicamba-resistant crops are a self-reinforcing
techinclogy. As s00n as some growers in an area
adopt the new technology, nearby soybean
growers are pushed to also purchase and plant
resistant seeds to avold the risk of off-target
injury to their vulnerable soybean crops.® These

lit: Chaler |

growers may not be intending to use over-the-top
(mid-season) herbicides for weed management,
but plant the resistant seeds to avold yield losses
from herbicide use in nearby fields. However, after
planting the seeds—having paid for the genetic
trait—growers may become more inclined to start
using the herbicides that are marketed for use
with those seeds,

While dicamba application has typically been
limited to early in the season, before sensitive
crops have emerged and before many wild plants
have leafed out, injuries do occur when spring
temperatures are warm and farmers are spraying
for pre-emergent weed control Many trees,
shrubs, and other plants that are critical sources
of nectar, pollen, nuts, seeds, and cover for wildlife
are very sensitive during this springtime spray,
when they are in stages of bud-swell and leaf
emergence.” Instructions from dicamba product

ED_005172A_00000475-00008
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labels confirm the risk to sensitive plants during
growth and development stages; for Instance, the
Clarity® product label states, “Clarity may cause
injury to desirable trees and plants, particularly
heans, cotton, flowers, fruif trees, grapes,
ornamentals, peas, potatoes, soybeans, sunflowers,
tobacco, tomatoes, and other broadleaf plants
when contacting thelr reots, stems, or foliage.
These plants are most sensitive to Clarity during
their development or growing stage” 10

However, while early season burndown use

of dicamba herbicides has always posed

some concerns, the level of injuries has heen
unprecedented since the adoption of the new
herbicide-resistant technologies that allow for the
use of these volatile herbicides to continue later
into the growing season when temperatures are
higher. The spike in complaints related to dicarba
injury in 2017 was clearly linked to increased use
of the new over-the-top formulations, with 93%
of dicamiba complaints in Indiana tied to use in
soybeans. !t Volatility of dicamba increases with
temperature. Mid-season over-the-top use of
dicamba, when temperatures are higher, increases
volatilization and risk of injury to sensitive crops
and wild plants.

Early reports from 2020 suggest that dicamba
injury may be even more widespread than in
2017-201%9, Weed scientists from lowa State
University reported that “dicamba injury across
the lowa landscape in 2020 is the most extensive
it has been since the introduction of dicamba

in the 1960s.%2 The authors point to the short
window for over-the-top applications that met

label instructions, followed by high temperatures
and low rainfall the week after the application
window. Dicamba applications were made across
the landscape at roughly the same time and then
residues volatilized under high temperatures,
leading to high ‘atmospheric loading’ of dicamba
and near-universal damage across thousands of
acres of non-resistant soybeans. The authors go on
to acknowledge that while the focus is on damage
to soybeans, “it is not difficult to find injury
symptoms on other plants in the landscape™?

it is important to recognize that the use of the new
formulations of dicamba that allow for over-the-
top use have not gone unchallenged. In June 2020,
a federal appeals court vacated the conditional
registrations for three over-the-top dicamba
herbicides, stating that EPA’s approval of them
“substantially understated” or “entively failed

to acknowledge” multiple risks associated with
dicambat® While unregistered products generally
cannet be legally spraved on crops or sold for use,
the EPA's cancellation order allowed for use of
existing stocks of the three herhicides through July
2020, The manufacturers will likely be pursuing
new registrations for these products for the 2021
growing season.

The use of dicamba-

from pre-planting weed
control to mid-season application-—presents
unreasonable risks to wild plants as well as the
pollinators and other wildlife in agricultural
landscapes that depend on them. The lack of
research and atfention paid to non-crop impacts
of this herbicide use is alarming. In this report,
we gutline the current understanding and the

need for further research on Impacts to various
species from dicamba. While concerns around
drift apply to other phenoxy herbicides such as
2,4-D— which has also seen increasing use and
associated off-site injury complaints in the past
year-—this report is focusing on dicamba, given the
upcoming registration decisions for over-the-top
dicamba products in 2020. This report highlights
the threats to nen-target crops, wild plants, and
other wildlife from the use of dicamba herbicides,
and provides a few short-term and long-term
recommendations for reducing environmental

harm from these volatile herbicides,

Darnage

wild! plant comimunities and the witdlifa that d
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icamba evaporates easily from plant and soil

surfaces, even at lower temperatures, and

can continue volattlizing days after application.
High temperatures {of air, leaves, and soil} and low

exacerbate the risk of volatilization. Temperature inversions,
or conditions where there is a layer of cool air close fo the
earth’s surface with warmer alr above, can allow droplets
containing herbicide to remain suspended in the alr and
travel long distances before being deposited on the surface

of unintended plants.

Growth regulator herbicides can injure plants at very low
doses—even at 0.005% of the labeled use rate on soybeans,
which are highly susceptible. Plant injury symptoms include
twisting, leafl curling, cupping, stunting, vein discoloration,
fruit delay or abortion, and in extreme cases dieback and
death. Expression of injuries can vary widely due to many
factors including but not limited fo species, plant age, growth
stage, and herbicide exposure rate.t* Numerous trees,

vines, shrubs, and herbaceous broadleaf plants have shown
sensitivities to volatile growth regulator herbicides including
dicamba and 2.4-D.

ED_005172A_00000475-00010
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Off-target herbicide damage to crops, trees, and native plants
has been occurring for decades. In fact, when dicamba-
resistant seeds first hit the market in 2016, early reports

of off-target damage were largely assumed to occur due to
applications of older herbicide products to dicamba-resistant
soybeans, as the Xtend seed technology was approved by

the U.S. Department of Agriculture (USDA)—and planted—
before the EPA had approved corresponding low-volatility’
herbicide formulations intended for in-crop rather than early
season use, !

However, the new products formulated for over-the-top use
did not solve the problem with dicamba volatility. Despite
implementation of stricter label language, and required
applicator training on minimizing off-target movement

for the 2018 growing season, plant injury from off-target
movement of dicamba remained a significant issue.!®

Even with several states having made efforts to reduce
injuries through the use of styvicter 24{c} labels for dicamba
applications, there confinued to be an increase in injury
complaints, with a high level of injuries reported across many
states in 2019.Y7 These documented cases of injuries from
dicamba drift are likely just the tip of the iceberg as many
more cases—particularly of wild plants—go unreported.

Many pesticides can have a synergistic effect when they
interact, with one anothey, either in the aiy in water, on a plant
surface, or when mixed in a tank at the time of application.
There are also the additive impacts of plants that experience
drift exposures of multiple herbicides as a result of tank
mixing or from separate exposures occurring throughout the
growing season, Additionally, how pesticides are mixed can
have a large impact on thelr behavier and efficacy. Farmers
and applicators often mix multiple pesticides in a tank for

a single application to reduce costs or to improve efficacy
across a wider range of target species. However, tank mizing
with certain chermicals may increase the risk of dicamba
volatilization. Tank mixing dicamba with glyphosate or
ammonium sulfate, as is often recommended on labels and by
crop consultants or Extension services to improve herbicide
efficacy or uptake by weeds, decreases the pH and increases
the volatility of these dicamba products.’® Tank mixing with
glyphosate increases dicamba concentrations in the air by 2.9
t0 9.3 times relative to dicamba applied alone, with higher
concentrations at higher temperatures.!”

in addition to the widespread adoption of the new in-crop
dicamba products {FeXapan, XtendiMax, Engenia, Tavium),
farmers are increasingly applying dicamba-based herbicides
{e.g, Clarity, DiFlexs, Status) over the top in corn to control
glyphosate-resistant broadieaf weeds such as waterhemp
and Palmer amaranth. These herbicide applications also
raise concerns about volatility, drift, and off-target injury to
susceptible crops and wild plants, although the number of
dicamba injury reporis related to use In corn was much lower
than those tied to over-the-top use in dicamba-resistant
sovbeans in stales that reported those figures, 2

Many pesticides can have a
synergistic effect when they
interact with one another, either
in the air, in water, on a plant
surface, or when mixed in a tank
at the time of application.

Hoveever, Tank
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he US EPA usually works with one
agency in each state to regulate and
The typical

maonitor pesticide use.
method of documenting pesticide incidents—
such as drift, overspray, or injury to unintended
crops, animals, or contamination of facilities—is
through a complaint process overseen by a state
plant board, department of agriculture, or similar
regulatory agency. Pesticide enforcement on tribal
lands is typically overseen by either the EPAora

The EPA’s definition of drift
excludes volatility or vapor
drift because it can occur
days after application and
cannot be fully controlled
by the applicator. As a
result, little is being

done to protect crops and
wild plants from injury

due to volatilization.

tribal designee. Injuries to non-crop plants and
ecological areas can be reported to the Ecological
Pesticide Incident Reporting Portal at ]
orstedudecos. However, little is known about haw
frequently this portal is used, or how well known
this rescurce is to the general public,

if a farmer or landowner suspects that the
injury to their plants is herbicide related, they
may choose to file a complaint with thelr state’s

pesticide regulatory enforcement agency. A formal
complaint, cutlining what is known about the
injury {timing, physical description, weather,
location, etc) is submitted. Typically, a field visit
occurs, and an agency representative will evaluate
the injury and if necessary, further investigate

the claim by taking a tssue sample and inquiring
with surrounding landowners about pesticide
use. Inquiries often include examinations of
surrounding landowners’ records of pesticide

ED_005172A_00000475-00012
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application and disposal If no application or
disposal regulations or guidelines were broken,
and the applicator{s} were not found to have
applied the pesticide llegally, then generally no
fault is found. This is frequently the case with
instances where volatility, or vapor drift are the
cause of off-target injury. When injury is caused
by vapor drift and the applicator followed all
guidelines, no fines or penalties can be given.

Currently, the EPA's official definition of drift
excludes volatility or vapor drift because it can
occur days after application and it is inherently
unconirollable by the applicator While applicators
should not be penalized for following guidelines,
the end result is that very little is being done

o protect specialty growers, natural areas, and
wildlife habitat from herbicide injuries thatare a
result of volatilization,

it is widely aclmowledged that only a small
percentage of actual damages to crops and private

lands are reported to agencies and that the current

uptick in reporting has overwhelmed many
offices; one survey of Missouri farmers, pesticide
applicators, and crop advisors estimated that over
70% of dicamba injury in 2019 went unreporied.®?
Ancther study that surveyed growers for dicamba
injury on non-dicamba resistant soybeans, found
that of the survey respondents reporting injury
{51%) only 7% actually filed a complaint.*® The
majority of the complaints being received are
crop-related. The injuries to non-crop species,
such as trees in private residences, forested lands,
and other natural areas that provide crucial

habitat for wildlife, are likely not often recognized
and are therefore even more underreported. It

is unknown how many of the formal complaints
submitted are for trees and other non-crop
broadleaf plants.

There are numerous reasons why suspected
pesticide injuries are not reported. Perhaps the
most common reason is the reluctance of farmers
and landowners to file a complaint against a
neighbor There is often intense social pressure
against complaining about the way your neighbor
is farming or accusing them of wrongdoing, even
if one’s own crop or property is damaged. Many
farmers and landowners make an effort to have
good communication and strong relationships
with their neighbors. Investigating claims of
damage can be intrusive, time-consuming, and
harmful to community relationships, resulting in
both social strife and economic loss for farmers.?®

With the increase in the use of these highly volatile
herbicides, symptoms of off-target impacts are
being observed far from agricultural fields, well
beyond the distance of recommended set-backs
printed on the herbicide labels. Therefore, a lack of
information and awareness is another reason for
underreporting. Many landowners and managers
that are not in an agricultural community are not
aware of the pesticide injury reporting process

for their state, and once they find it, they are often
perplexed and intimidated by the process and
simply decline to proceed. Compounding this
issue is the fact that many rural and residential
landowners are also not aware of the common

This underreporting means

the extent of the problem
is widely underestimated,

and data are lacking on the
frequency, timing, patterns, and
geographic range of injuries.

symptoms of growth regulator herbicide injury
and therefore symptoms go unnoticed, or may be
mistaken for disease, pests, or other injuries.

This underreporting means the extent of the
problem is widely underestimated, and data are
lacking on the frequency, timing, patterns, and
geographic range of injuries. This is particularly
troubling since state regulatory agencies often
use the number of documented cases of herbicide
injury as a tool for decision making, regulatory
action, and gauging the efficacy of certain
restrictions on the use of a pesticide.

The rise in these injuries is alse ocowrring during
a time when many state and federal ecological
monitoring programs are being cut baclk or
eliminated for budgetary reasons. Many agencies
are also understaffed and/or do not have funds to
do the critical ecological monitoring required to
protect ecosystems under the threats of climate
change, increased pesticide use, and disease and

pest pressures,
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Dicamba damage ~ recognizing it 1f you
suspect vour trees may have herbicide daimage,
first become Tamiliar with the most common

leaf symptoms: cupping, curling, twisting,
elongation, or stunted, simaller lsaves. You may
aiso see some branch dieback. There are many
piaces where you can find photographs of rees
and plants that have recelved herbicide damage,
such as universily extension plant health guides
and repiutable tree and plant health resolices on
the internet.

Dicamba damage — reporting it The EPA has a
short overview of dicamba complaint reporting
here, B you suspect the off-larget movement of
dicamba has caused damage 1o g crop or other
landscape of garden plants, submit a complaint
over the phone or uaing the online reporting
form [ available) through your stale Depariment
of Agriculture or yvour state Pesticide Regulatory
Agency See this example reporting form om
the Minhesg ciitture for an
idea of the information 1o have on hand before
submitting a complaint. Some stales have
forms that are a bit outdated or ask for very
specific information about the incidence, some
of which vou may not know. If you are tnable
o answer some of the guestions, you can call
vour local agency representative for asaistance
or do your best and send in the report. A field
representative will likely gel in touch with vou

shorily regarding your complaint.

Document symptoms in addition to reporting. While it is important 1o
report symptoms to vour local agency that regulates pesticide use,
it is just as mportant for vou, the landowner to docuiment suspecied
injuries. First be sure the Injury is not something you caused yourselft
Many lawn care products conlain herbicides that kill broadiea! plants
and these chemicals can move through the soll or volatilize and injure
vour frees and plants. 1 herbicids injury has coccurred 1o your property,
symptoms will likely be present on more than one plant type or species
inthe arsa. 1 is good practics fo examine tress, vinss, shrubs, and/
or several types of herbaceous plants in the area for symptoms, this
can help rule out other causes of
injury. When vou notice symploms,
document them immediately, noting
the date. plant name, location, and any
important notes. Also include several
shotographs. i ls best o get a couple
close-up shotos of symptomalic leaves
as well as one o two of the whole plant
or tree. Be sure 1o also take note of the
svimptoms you cheerve such as leaf
cupping, stunting, elongation, twisting,
or branch disback, el

Yalow:b
Communicate with your neighbors
as much as possible. If vou have plants and frees that you think are
showing symptoms of herbicide exposure i Is always a good idea to
apeak with vour neighbors and let them koow. They may notl be aware
your plants are showing symptoms and would be willing to modify
theilr weed conlrol methods, There are many alternative msthods of
weed control that not only reduce off-larget injuries, but that also help
bulld bealthy soll, diversily farm Ipcoms streams, and protect overgll
environmental health,
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oybeans, grapes, fomatoes, and many vegetable
and tree fruit crops are very sensitive to dicamba

and similar herbicides. In soyheans, mid-season
injury from dicamba {e.g., from late vegetative growth

stages through flowering of soybean plants, or typically June
through early August, depending on location} is much more
likely to cause yield losses than early or late season injury.??
Once soybeans reach more developed stages, including post-
flowering when the plants begin to form pods, they are less
susceptible to plant injury. However, dicamba use during pod
fill can reduce germination of seeds from treated plants.??
Crop insurance does not cover either of these types of injury.

In addition to its potential to reduce plant health,
survivability, and yields, dicamba drift can render entire
crops unmarketable simply from cosmetic damage. Herbicide
residue can also cause an organic farmer to lose the organic
certification of that crop or field. Property owners on the
receiving end of dicamba Injury to fruit and vegetable crops
or ornamental plants can face large economic losses with
little opportunity for compensation.2*

The widespread reports of dicamba volatilization and injury
to fruits and vegetables over the past few years prompted

the U.S. Department of Agriculture’s Fruit and Vegetable
Industry Advisory Committee, which represents the retail and
commercial produce industry, to “strongly recomimend the
registration for XtendiMax, Engenia, FeXapan and Tavium or
any other new formulations for in-crop use in soybeans and
cotton not be renewed when the current registration expires”
in its set of recommendations released in spring 2020.25

Rivars Nelwork,

While the new over-the-top formulations in soybean and
cotton appear to be the main source of dicamba-related
pesticide injury reports gver the past few years, other
dicamba formulations used for post-emergent weed control
in corn also pose concerns. According to a survey of Nebraska
farmers in 2017, about 30% of dicamba njury observed on
non-dicamba resistant soybean may have been attributable
to use in corn 2t Mid-season applications of dicamba products
in corn have increased in recent years to control glyphosate-
resistant weeds.”® Weed scientists from lowa State University
echoed this and reported an increase of dicamba use in corn
both in acreage and rate of application.* Label guidance

and Extension recommendations around the use of these
products is highly variable and often does not adequately
reflect concerns with drift and volatility.

Tomato plant with vapfoms of herblcide infury.
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Moniioring an ins

he frequency of symptoms occurring
to nop-crop species across large areas

of the landscape has prompted some
non-governmental organizations, such as Audubon
Arkansas and Prairie Rivers Network in Hlineis,

to use volunteers to help monitor and document
symptoms of possible herbicide injury to trees
and other plants that wildlife depend on. State and
federal forest and natural rescurce management
professionals have also begun to monitor and
document symptoms of herbicide injuries to
public lands. However, all of these monitoring
efforts are limited by numercus factors.

It is difficult to gauge the impacts to trees and
other plants in backyards, conservation lands,
forests, and public lands without extensive
monitoring throughout the growing season.
Monitoring and documenting symptoms takes
trained personnel, time, and financial resources.
Herbicide applications ocour numerous

times throughout the growing season. Due o
the variability of the timing and location of
applications, as well as differences in weather
patterns, sites that were not symptomatic

early in the growing season may be affected by
applications later in the seascn-—so monitoring
sites must be visited to assess damage regularly
throughout the growing season. Locations may
also experience more than one episode of off-
target herbicide exposure, potentially increasing
the severity of injuries.

Analyzing plant tissues for herbicide residues can
be a useful tool for verifying symptoms. However,
these tests are costly and must be performed
hefore residues have been degraded from the
plant tissue. This can be challenging, since it can
take up to three weeks for exposed plants to
show signs of injury. While symptoms of growth
regulator herbicide Injury may last for weelts ox;
in the case of many trees, for the entire growing
season, actual chemical residues may be hard to
detect without prompt sampling after exposure.
All these factors make monitoring arduous and
resource intensive with the result that such efforts
are few and far between,

It is difficult to gauge
the impacts to trees

and other plants in
backyards, conservation
lands, forests, and public
lands without extensive
monitoring throughout
the growing season.
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s key primary producers, plants are vital to
ecosystem health and function. Entire food chains

depend on plant food resources. There are
numerous complex relationships that exist between plants
and animals; these relationships between species play key
disturbance to ecosystems can interrupt or destabilize their
functions. The widespread use of volatile herbicides like
dicamba pose unreasonable risks to wildlife habitat, The
enormous variance in possible rates, frequency, and timing of
exposure to herbicide drift, combined with variable species
susceptibility to herbicides, individual plant health, and
interaction with other environmental stressors poses many
untknown risks to ecological health.

Off-target herbicide injuries are not a new phenomenon,
Numerous tree and plant disease manuals published by state
university extension units or federal agencies have sections
on identifying the symptoms of herbicide exposure.?®

While the typical visual symptoms of dicamba exposure
such as stunted, twisted, curled, and cupped leaves and

twig or branch dieback may be commonly recognized, it is
important to acknowledge that there is much to learn about
the unseen physiclogical injuries occurring to native species.
Additionally, the incidence of injuries to native trees, shrubs
and other plants is likely much higher than is documented
through existing research or the pesticide misuse complaint
processes, as outlined earlier.

While off-target injuries to trees and other plants have been
occurring for decades, the widespread increases in herbicide
injury complaints throughout the Midwest in recent years

underscores the fact that volatile herbicides such as dicamba
and 2,4-D are causing injury far bevond mandatory buffer
zones. 72930 Recent news articles have documented the
widespread symptoms of off-target herbicide damage to
trees, including oaks, which are keystone species in many
North American woodlands and provide oritical rescurces
for wildlife.3* In 2018, countless cypress trees were reported
to be damaged by dicamba at Reelfoot Lake in Tennesses,

a valuable recreational attraction and refuge for wildlife 32
The symyptoms are also being observed in rural towns,
threatening private property and landowners’ efforts to bring
nature into their backyards.

Volunteer monitoring efforts in lllinois documented the
prevalence and severity of symptoms of potential off-target
herbicide injury to trees and plants in 2018 and 2019,
Symptoms were widespread in numerous native species
including redbud, oaks, hickery, elim, sycamore, box elder,
and maples. Symptoms were ohserved well beyvond the
recomimended buffer zone in numercus settings including
woodlands, pastures, and private residences.?

Wild plants are at risk of a range of injuries from particle
and vapor drift. Unsightly injuries can occur from very low
doses of dicamba and some other herbicides. Drift rates of
dicamba and 2,4-D on ornamental plants can reduce flower
production, and cause follage injuries such as leaf twisting,
stunting, and curved stems.** In pecan trees, dicamba and
2,4-D drift can cause severe injuries including deformed
foliage, branch dieback and arrested nut development.®®
Depending on the developmental stage of exposure and
growing conditions after exposure, some annual and

Wit grape stunted, with iregular margins. Credit: Martin Kemper.
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Sycamore leaves showing symploms of dicamba Injury.

lin Kemper.

perennial herbaceous plants may be able to “grow out of "
visible symptoms. However, the same does not appear to be
true for woody plants. Studies of woody perennial species
have shown symptoms of injury remain visible long after
exposure.t* Visual symptoms can remain for the entire
growing season and can be observed in fallen leaves,

Many plants that are critical to wildlife and ecosystem
health are in reproductive stages from early spring to mid
and late summer, when most herbicides are being used.
Herbicide injuries during these times can have impacts at the
community and ecosystem level. Studies have demonstrated
that low doses of dicamba can cause delays and reductions
in flowering in some wild plants and that low levels dicamba
and glyphosate can negatively impact the reproduction of
wild plants.®®37 Both seedlings and plants in reproductive
stages can experience impaired fertility such as reduced
seed production and delayed flowering when exposed to
drift rates of herbicides.?® Reduced plant reproduction

and compromised plant health could cause shifts in plant

communities that threaten wildlife.

Not all plants respond to stressors, including herbicide
exposure, the same way. Studies have shown that some
native plants experience visible harm at a fraction of the
application rate.’” This sensitivity increases the risk that off-
site movement of dicamba would cause harm at a community
or ecosysiem level, Many native and ornamental tree species
have different sensitivities to herbicides, Recent research
examining responses of common fruit, nut, and ornamental
species to drift rates of dicamba and/or 2,4-D demonstrated
that the expression of visual symptoms varies with herbicide,
drift rate, and plant species, and that symptoms in many tree
and shrub species generally worsened when glyphosate was
added to higher rates of simulated drift of the herbicides.!*
Herbaceous plants also vary in thelr responses to dicamba
and mixtures of dicamba and glyphosate.®” These differences
in individual plant responses highlight one aspect of the
complexities involved in evaluating pesticide impacts on
ecosystem health,

It is not just broadleaf plants and trees that are sensitive to
dicamba. Conifers are also sensitive to dicamba and herbicide
exposure can negatively impact trees for several months.2%49
Twisted, deformed and/or discolored leaves and branch tips
to branch dieback and leaf loss are common symptoms of
dicamba and other growth regulator herbicide exposure in
conifers.”® Whether in a backyard or a forest, conifers provide
mumerous resources for wildlife. They are excellent sources
of shelter during inclement weather and a variety of animals
rely on their cones, seeds, foliage, and bark for food.

There is a great need for a better understanding of how off-
target herbicides are impacting native plant communities at
a landscape scale, Injuries could be occurring that will shape
the ecological landscape for decades to comie. The following
sections explore some of the known ecological risks.
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Pollinator and
Beneficial Insects

mpacts from herbicide drift go bevond
plants with visible symptoms of injury.
Herbicide applications can have both

direct and indirect impacts on the invertebrate
communities that provide essential ecosystem
functions from wild plant and crop pollination
to pest control, Many groups of flying insects,
including species of hutterflies, bumblebees,
and beetles, are experiencing severe population
declines.*>*2 Drift infury from dicamba to wild
plant communities could further stress these

populations and have cascading impacts on other

wildlife and ecosystem functions.

The quantity, quality,

and diversity of floral
resources can affect bee
development, physiology,
and immune response,
with many potential
impacts on individual bee
and colony longevity and
reproductive capacity.

Bees and other beneficial insects may be exposed
to dicamba and other pesticides by direct contact
{e.g. from a spray applied when bees are active),
or by contacting or eating contaminated plant
foliage or pollen and nectar Older formulations
of dicarba did not appear to have direct toxicity
to adult honey bees or brood, but the similar
herbicide 2.4-1 was found to have some toxicity
to honey hee brood.*>** A recent study found that
dicamba significantly increased mortality of lady
beetle adults.®

However, the largest risk of dicamba use to

bees and other beneficial insects that rely on
pollen and nectar for food is likely to be loss of
food sources and declines in forage quality. The
quantity, quality, and diversity of floral resources
can affect bee development, physiology, and
immune response, with many potential impacts
on individual bee and colony longevity and
reproductive capacity.*o*® The increased use

of these herbicides during the middle of the
growing season for in-crop weed management
threatens a wide array of flowering broadleaf
plants that provide food and shelter for bees

and other beneficial insects. Glyphosate use on
glyphosate resistant crops led to an estimated
58% decline in milkweeds in the Midwest, and an
associated decline in breeding monarchs between
1999-2010.% Dicamba has a greater potential to
reduce flowering plant survival in aveas farther
from agricultural fields than glyphosate due to its
greater volatility.

Lady beslles, which are important b

aphic hrealenad direc

beetle fweds on an aphid, Credit: Johi Flannary/Fiickr,

In addition to plant death from acute drift events,
sublethal doses of dicamba can stress plants and
reduce the guality of these plants as food sources
for pollinators and other beneficial insects,
Particle drift levels of dicamba can delay, reduce,
or suppress flowering of wild plants and reduce
pollinator visitation.3® Multiple drift events
during the growing season are likely to have a
larger effect. Bees may have to travel farther to

locate additional sources of forage to meet thelr
nutritional requirements. Longer travel distances

s for controfing soft-ho

IO NSeC

nba herbicides. Hers, g polishad ladly
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Monarch butterfiies on swe
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require more energy and increase the risk of
mortality from predators, weather events, and
pesticide exposure.

Because broadleaf plants vary in their
susceptibility to dicamba, wild plant communities
in agricultural aveas will likely change as more
vulnerable plants are eliminated and more
resistant plants survive drift events. Shifts in the
abundance and occurrence of wild plant species
in agricultural landscapes are likely to impact
wild bee communities. The loss of floral hosts

for specialist or univeltine bees (e.g., bee species
with a single generation per season) may lead to
declines in bee species richness.5® Loss of central
species in plant-pollinator networks, such as
particularly rewarding woody o1 forb species

like willows, maples, sunflowers, miltkweeds, or
goldenrods, could lead to more catastrophic loss of

function in these networks.”?

Other beneficial insects are likely to experience
similar negative effects of the loss of forage
guantity and quality. Sublethal rates of dicamba
applied to butterfly host plants reduced larval
and pupal mass of painted lady butterflies
{Vanessa cardui) feeding on these plantsin a
cage experiment.” The affected plants were
lower quality than untreated plants, with lower
nitrogen content in the remaining foliage. If wild
plants in a field setting were similarly affected by
dicamba exposure, leading to smaller caterpillars
and smaller adults, this could have a variety of
possible negative consequences for the fitness of
host-dependent insects like monarch butterflies,

whose populations have declined sharply in recent

decades from a variety of factors, including habitat
loss from extensive herbicide use5?

Birds

Losing plant and insect diversity will likely have
cascading negative impacts on populations

of birds and the other terrestrial wildlife that
depend on primary producers {plants} and
invertebrates for food. Agricultural intensification
over the past 50 years, including conversion

of grassland to cropland and increasing use of
tillage and pesticides, has been accompanied by
severe declines in farmland bird abundance and
diversity in North America and Europe. Much
of the Mississippi Flyway, one of the primary
bird migration routes in North America, travels

through areas dominated by corn, soy, cotiorn, and
wheat production. Protection of remaining habitat
areas from herbicide drift damage will be critical
for sustaining bird populations.

Like beneficial insects, dicamba has the potential
to frapact birds divectly. While the acute toxicity
of dicamba to birds appears generally to be low,
consumption of large amounts of contaminated
seeds, vegetation, and insects can cause
reproductive issues and other sublethal effects,>?
For example, mallards fed relatively high doses of
dicamba in lab studies had decreased hatchability
and survival of voung.®®

Herbicide drift injury could potentially reduce
the population of plants that host invertebrates
and/or plants that produce seeds, both of which
are important sources of food for farmland

birds. Dicamba has been found to reduce seed
production in both target and non-target
plants.’” 5557 Nop-game birds that depend on
seeds are known to be particularly vulnerable to
increased use of herbicides due to declines in food
availability>® By reducing the availability of seeds
that birds depend on, growth regulator herbicide
drift could Hmit food resources and mpact bird
populations.

Additionally, many native trees provide critical
forage and shelter for caterpillars {the larvae

of moths and butterflies}—essential food
resources for birds. Over 90 percent of terrestrial
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bird species feed their young on insects, and
caterpillars are one of the main sources of protein
for young birds. 595 Native trees host thousands
of species of larval moths and butterflies; oaks,
willows, birch, poplar, and cottonwoods each
support more than 300 species of moths and
butterflies.® Research has shown that even subtle
changes in insect prey availability in agricultural
landscapes caused by pesticides can have harmful

effects on insectivorous birds, including altered
behavior and physiological costs.®® Caterpillars
feeding on host plants treated with sublethal
drift-level doses of dicamba had reduced larval
and pupal biomass, potentially due to alterations
in plant nutritional content.5? Reduced caterpillar
biomass or survival on herbicide-affected plants
could have cascading impacts up the food chain;
nsectivorous birds might need to travel farther
or collect many more caterpillars in order to feed
their young.

Dicamba could also impact birds through its

effect on bird habitat. The use of herbicides in
farming has dramatically altered habitat patterns
in North America, and strong evidence exists for
adverse effects of changes in habitat pattern on
birds.?® Based on a thorough literature review and
analysis, there is a strong argument to be made
that the decline of ducks nesting in the prairie
pothole region of North America was likely related,
at least in part, to adverse alteration of food,
nesting, and protective cover in uplands, pothole,
and pothole margins from repeated, broad scale
use of herbicides.®” Non-game species dependent
on weeds and their seeds are especially vulnerable
to more intensive and extensive use of herhicides
because of the loss of weedy foraging and nesting
sites in fields and adjacent habitats such as
hedgerows.5® In addition to reduced availability
of food for chicks, gray partridge declines have
also heen linked to loss of suitable nesting cover
from removal of field margin habitats, particularly
hedgerows.™’

Although little research has been done on the
specific impacts of dicamba on bird habitat,
herbicides like dicamba and 2,4-I are known to
harm plants that birds depend on. For example,
hox elder trees {Acer negundo} ave highly sensitive
to growth regulator herbicides like dicamba 5 In
riparian areas, box elder communities provide
important habitat for many wildlife species,

food rescurces, and valuable cover for upland
game birds and small nongame birds. 7! The
effects of herbicide drift on native plants in
general can include increased mortality, reduced
biomass, lower fecundity, and modifications

in morphology and development.®6:.72 At drift-
level concentrations, these herbicides can result
in deformed or dead foliage, dead limbs and

branches, delayed onset of flowering, and reduced

number of flowers in non-target plants.35.36,73,74

ED_005172A_00000475-00021
ED_005172C_00000311-00021



Recently, some efforts have begun to assess
dicamba impacts on the landscape. Audubon
Arkansas launched a community science project
irt 2019 to investigate the impacts of dicamba

on natural areas in the state. They found signs of
prohable or possible dicamba injury symptoms
on a wide variety of plants, including Carolina
buckthorn, catalpa, elms, hackberry, hibiscus,
morning glory, magnolias, maples, mulberyy,
muscadine, caks, pears, pecan, peppervine,
pokeweed, redbud, siooth sumac, sweetgum,
sycamore, trumpetvine, tuliptree, and white
poplar, most of which are listed in National
Audubon Society’s “Plants for Birds” database as
providing food for birds, including insects that
most landbird species need to feed their young” Like many other pesticides, dicamba

the izad Freshwaler Mt or fthe X s Saciel cICHY: ashivval Gghly susceolibl

However, no large-scale research has been done ) ) ’ ) )
] Y
i comtaniinants, Credit: Xerces Sociely/Justin Whesler

to examine whether the magnitude of effect of

dicamba and other herbicides on sources of food o N Many invertebrates have an aguatic stage to
will result in adverse effects on terrvestrial bird @g §W§ er W E é,@é é. g?@ their lifecycle and are highly dependent on plant
survival or reproductive success. material that grows in or falls into water bodies.
There is still much to learn about the ecological
M a ”‘y BU est §’ I 5 ﬂﬂ e ﬁy g“ ne g U d § 1 g impacts of herhicides like (?E{:'},mba, Pe%;ticniij%es t%n_‘zp}-zi-bi.am a_re ?f 1-1-mque
.. . sprayed over large areas of land put wildlife interest in regards to
th 54 h er h iCH ﬂq N &'j [eam a%:} £ and their habitat at risk. Whether they are environmental pesticide
intentionally mixed at the time of application, or exposures due to their complex
an ﬂa 23’ K{gm @? are water encounter (;nfs another in the soil, wffiter, or air, iif{?styi 2 and metamorphosg&
SO i i§ f_} i@ ahn d Can req d g iy additive or synergistic effects can occur.”®”7 They inhabit the water
_ . and land, and undergo
enter sur f ace water b 0 d@ @gy in addition, many pesticides, including the dramatic physiclogical
W h ere t ﬁ @y ma y Y i S0 p o5 herbicides dicamba and 2;4»]), are water soluble changes throughout their Amphibiae be Highty
. . . and can readily enter surface water bodies, lifecycle. They also have St b nvironmental
risks to a qua tic “ﬁ? . where they may also pose risks to aquatic life, permeable skin, which can ts Foh Kanter
Aquatic and terrestrial ecosystems alike provide allow for rapid exposure and
key habitats for many species at risk, including uptake of environmental
some species that may move between them, contaminants,”®7? Research
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has shown that dicamba and 2, 4-D can damage
amphibian DNA and enzymatic systems and that
dicamba and glyphosate can have impacts, singly
and synergistically causing primary DNA

breaks in amphibians #-82, This can result in
abunormalities in growth, cell death, and organism
illness, Additionally, dicamba and glyphosate
have been shown to harm tadpole development
in the Argentine common toad, which may also
have implications for similar toad species in
North America.”’

A full assessment of risks to agquatic and terrestrial
life is beyond the scope of this report, but the
widespread use of dicamba and other growth
regulator herbicides—and the clear harm that has
resulted for sensitive crops and other non-target
plants—raises significant concerns about the

potential ecological ramifications of continued use,

Human Health

While it is not the main focus of this report, it
should be noted that little is known about the
environmental impacts of widespread use of
dicamba on human health. There is very little
published information on the environmental
loadings from the recent increased use of this
herbicide. Among the general population,
farmers, farm workers, pesticide applicators,
and their families are the most likely to have
repeated exposure to agricultural pesticides,
inchuding dicamba.?3-8% Communities living near
agricultural lands also experience higher exposure
to pesticides than the general population.’®

Studies of occupational exposure to dicamba
ameng farmers and pesticide applicators

have found some associations with different
cancers, including hung cancer, non-Hodgkin's
tymphoma, and bile duct cancer, but others
have not found clear assoclations between
exposure and cancer incidence.®”-%! There may
also be an association between an increased
risk of hypothyroidism and exposure to several
pesticides, including dicamba.®?

for agricutiural

In vitro studies of mammalian cells indicate that
dicamba can inhikit cell division activity and
induce cellular and DNA damage at the highest
tested doses.”™ While these doses are likely much
higher than enwironmental exposures, these

in vitro studies suggest mechanisms by which
prolonged or multiple exposures to dicamba
could be harmful to mammalian wildlife and

human health.
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The lack of information
about the impacts of
this widespread use,
combined with the
reduction in many state
and federal monitoring
programs, makes it
difficult to gauge the
impacts of pesticide
use in ecosystems

that already face

many stressors.

v Questions Remain Ut

\.J{J

he expansion of dicamba use to over 60 million
acres, with applications from early spring

throughout the growing season, ralses numerous
questions and concerns about the ecological impacts

of such exposures. There is a lack of current, publicly
available information on dicamba distribution and use;
USGS estimates of county-level pesticide use lag by several
years and are currently available only through 20174 The
lack of information about the impacts of this widespread
use, combined with the reduction in many state and federal
monitoring programs, makes it difficult to gauge the Impacts
of pesticide use in ecosystems that already face many
stressors, including climate change, invasive species,
disease and habitat loss. In many cases, we are causing
harm to systems for which we have little to no baseline
ecological infermation.

The ecological and human health impacts of this widespread
use of dicamba and similar herbicides are largely unassessed
and extremely understudied. Decision makers rely on
laboratory simulations that are very different from field
conditions. New ecological assessment frameworks need

to be established to address the cumulative impacts of
agrochemicals on wildlife 7

While the limited studies available provide important
insights, many questions remain: How much herbicide is
volatilizing into the atmosphere? Where and how far are

yanswerad

these herbicides travelling, and at what rates are these
chemicals landing on unintended plants? Arve they combining
with other chemicals during inversions which increase

thelr toxicity? What are the short and long-term impacts to
herbaceous and woody plants? How are nectar and pollen
production, seed/frult production, and plant fitness being
affected? If current rates of use continue or increase, will
species composition in critical habitat areas shift?

To what degree are invertebrate and seed food resources
being shifted or eliminated due to changes in plant health,
distribution, palatability. and nutrient content? What are the
exposure rates and frequencies of birds to these herbicides
via food and water resources or inhalation? How are
invertebrates, birds, and other wildlife responding to changes
in habitat and foed?

To what degree are the plant food and habitat resources in
or entering aquatic systems contaminated with plant growth
regulator herbicides? What is the environmental loading of
dicamba in water resources and aguatic ecosystems? How
does this impact the emergence of insects with an aquatic
life stage-—a critical food resource for numerous wildlife,
including migratory birds?
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News stories about the destruction dicamba has wrought in the last few years have mostly featured farmers suing other
farmers or neighbors getfting into arguments about damage to their commerdial row crops, including non-resistant soybeans.
For this report on impacts to other plants and wildlife, we spoke with a few people who are experiencing damage to their
property and livelihoods, including their organic farms, forests, and apiaries.
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Cow Cresk Organic Fann, a 1000-acre organie farm 0 East Central
iL, Is currently operated by fifth-generation owners, who have
reported a large increase in herbicide damage i multipls locations

every vear for the last three years. Durrent co-owner and operalor,
Dallas Glazik says, "We have seen both support and criticism for our
farming practices by our nelghbors and surrounding communities,

with the most backlash coming from our nelghbors using dicamba
and other volatile herbicides. The orift has been trespassing onto our
land and damaging both our crops and congervation land, which is
damage o laxpayers’ dollars, However the way the syatern curenily
works, i just pegs farmer againet Tarmer, neighbor against neighbor,
and leaves the whols area damaged both physically and socially”

Shelley Harper In Washinglon Coundy, 1L, has land that has

always been pastive and s surrounded by large Tarm fields of

soybeans, corn and wheal "Blnce 1988 and going on thrse

generations, we have lived on this 23 geres of old growth pasiure

with vak ress (while, post, pin, bur, growing on i along with

hickory, wainut, pecan, sycamore, redbud, persimimon, cypress,

cedar, maples, dogwood and wild cherry,” They glso have the

Hlinois Grand Champlon Post Oak Tree (awarded since 20123, -

which has been growing in this pasture for over 150 vears "My 80 -

vear old dad noticed 'scumething wrong' golng on with our trees avound 2015 Alter he passed
away in 2017 we kept seeing all of our trees, including the Champion Post Oak looking worse.
They all had regule of simaller, curled lsaves, sparse crowns, thin follage and dead branches, Owr
neighbors alzo talked 10 us aboutl thelr own rees belng i distress and dving.”

Shelley reparts that this ree damage is now a widespread problem which they see everywhere,
and think s points 1o the use and diift of 2.4-D and/or dicamba. "Leaves from our Champion
Bost Oak have been tested for harbicides four times. Two tests found 2 4-D and two found both
2.4-D and dicamba, We have filed two Tormal complaints with the Hiinois Dept. of Agriculture, with
this vear (2020) 1o be the third. There has been no culcome and no action taken by them.” Sihce
there is no information on such tree damage belng cumulative and if such Impacts can be stopped
andd reversed, time is running out to by and save these trees.
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Bavmond Nabors, a retired agricutiural biclogist and former aploulturs specislist at the
University of Missourl, has been keeping bees for over 40 vears in the Missow| Baotheel,
the southeasternmost corner of the state. "Everyibing from here south to Louisiana, it's

flat as o pancake.” Bay explains. “This area was all swamp in 19001t was all Tupelo gum

and cypress trees and things that grew well in water But then they diained |t and there’s
ditches sverywhere, Every mile of road has 25-30 acres of ditch bank that used 1o have
acres of wildliiowers, Over the last decade, the wildflowers there have declined. Since
dicamba, iU's taken a nossdive. When this stuff gels volalilized and up in the aly, it comes
down and kills evervthing. Dicamba killed the plants in the past two years, and they didn't
came back”

Bay's honsy production has 'dropped bemendously” in the past couple of vears, and

his bees are having & harder time surviving, with fewer resources in the spring and fall.
“Dicamba s the worst thing Vve seen hit bees because you can't do anything about it We
can treat for Varroa miltes and dissases. It tsed to be unusual to replace more than 10%
of my colonies in any given vear. Now, #'s typically hatt.”

He keeps his bees on the family farm, where he's planted many different kinds of bee-
Trisndly frees Tor nectar and pollsn in the spring, including maples, Wilip poplars, and
linden. “But” he says, "the tree buds and leaves ar distorled with dicamba in the spring.
The maplss bloom eatlier and are leas affected, but the tllp poplars come b Isler and
they get hit hard®

The loss of fovage due to early season and mid-season dicamba use has made the
business of keening bees much more expensive. Ray s sesing "half as much production
becauss we have half as much Torage. And we have to fesd the heck cut of them” This
past vear, Bay decided 1o buy more gueens and aplit ot the swrvivors, and not 1o add
more bess as would have ypleally done, because Ui was just getling unaffordabls”

“They're respassing thelr herbicide on my propsity, and | can't do anvithing about it
Ray says, the frushration evident in his volce. "l can't even grow toinatoes in my garden,
fdon't blame the growers, because they're over a barel You can't not plant it But #
should be banned because It's respassing on other people’s property. Gr mavbe you
don’t need to ban it for evervihing, but it shouldn't be in such widespread use”

important food rest =5 for many polf

s. Cradit: Emily May.
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There are similar stories of widespread and dramatic
tree damage from other parts of the country. Justin
Evertson, a coordinator with the Nebraska Forest
Service, reports seeing sympioms of herbicide damage
1o trees increase in recent years. He slarted noticing
“damage early in spring burndown and post emergent
spray as a second wave [of damage]”. What has been
difficult, he reports, is the lack of awareness of the
type of damage they are seeing and what it means,
alongsicde the stale department of agriculiure being
overwhelmed with injury reports 1o crops, with no time
1o also investigate non-crop damage.
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esticides that are sold or distributed in
the United States must be registered by
the EPA under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA). Before the
EPA will register a pesticide, the applicant must

prove that the pesticide meets certain criteria,
including that, when used according to label, the
pesticide “will not generally cause unreasonable
adverse effects on the environment.” States often
have one agency that is responsible for regulating

itad Soybean Boat

and enforcing agriculture-related pesticide use,

distribution, and disposal within their boundaries.

In 2016, the EPA approved two-year conditional
registrations for three dicamba herbicide
formulations for over-the-top use in dicamba-
resistant sovbeans and cotfon. “Conditional”
approval is allowed for new products that are
substantially similar to previously registered
pesticides, even if there are gaps in the data

showing that the new product will not cause
unreasonable adverse effects on the environment.
After weed sclentists reported over 3 million acres
of dicamiba-damaged soybean in 2017, the EPA
reportedly considered a growing season ban on
dicamba in 2018, but did not implement the ban

after pressure from manufacturers.”>%¢ In October
2017, the EPA announced new rules on dicamba

use created in collaboration with manufacturers.®”

The rules included label changes to the dicamba
herbicides registered for in-crop use in cotton
and soybeans.”® These products were updated

to be classified as restricted use, permitting

only certified applicators and those under their
supervision to apply them. The labels became
increasingly complex, including language to
prohibit applications when wind speeds are above
10 miph or below 3 mph, reduce the time period
during the day when applications can occur, and
increase record keeping requirements especially
in areas near sensitive crops fe.g, orchards,
vineyards, and vegetable fields). Applicators were
also required to attend dicamba-specific trainings.

The updated labels included downwind buffer
requirements for over-the-top dicamba and
2,4-D products, which differ by product and
rate.%® Applicators must leave a 110-foot or more
unsprayed buffer from the downwind field edge
for dicamba products {e.g., XtendiMax, FeXapan,
Engenia) and a 30-foot buffer for 2,4-D products
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{e.g., Enlist One and Enlist Duo}. According to
the label, applications cannot be made if the
wind is blowing toward an adjacent susceptible
crop field.

A few states took regulatory actions that went
beyond the federal requirements in order to
reduce drift injury, ranging from state-specific
application restrictions that go beyond the lakel
language, to a ban on mid-season use of dicarba
in 2018 in Arkansas. However, changes to label
language were not effective in preventing off-
target dicamba movement and injury, Plant infury
from dicamba volatilization remained a significant
issue in 2018 despite implementation of stricter
label language, applicator training, and individual
state regulations.

While the complex set of label restrictions, if
followed, may help reduce particle drift from
dicamba application, vapor drift can travel

ruch farther than the required downwind
buffer distances during temperature inversions
or at higher temperatures. Some states have
implemented 24({c} labels, which allow them to
modify or change uses and guidelines for use of
a pesticide to better accommodate their needs
lecally or regionally. In order to reduce off-target
movement caused by volatility that is increased
during warmer temperatures, some 24(c) labels
for dicamiba have included application cut-off
dates or temperature restrictions. However, leaf
and soil temperatures are frequently higher than
air temperatures and these factors are not taken
into account in the added restrictions.

What's more, weed scientists and farmers are
finding that the label restrictions are nearly
impossible to follow. %% Increasingly, university
extension weed scientists are speaking out on
the difficulties of complying with all the label
requirements after the numerous changes to
label language put forth by manufacturers.t®

In fact, they have found that weather conditions
were largely unsuitable for dicamba application,
with only two days of the week having more than
five suitable hours to spray in one example from
fowa. 02 Weed scientists from Purdue estimated
that dicamba could not be applied according to
label instructions over half the time in june or
Tuly 2017 in Indiana.'®® By creating label
restrictions that are nearly impossible to follow
to the letter, manufacturers have a convenient
scapegoat for future damage. Blame for damage
events is likely to focus on application methods
and how well applicators have adhered to the label
standards, rather than the inherent volatility of
the herbicide products.

Despite the evidence that these over-the-top
dicamba herbicides had caused substantial,
widespread damage since their conditional
approval, the EPA decided to extend the
conditional registrations for three over-the-top
products for an additional two vears in late 2018,
Dicamba related pesticide complaints remained
high again in 2019, despite many states taking
exira precautions to reduce risks.?’

In fune 2020, a federal appeals court vacated the
2018 conditional registrations, citing EPA's flawed
approval process and faflures to acknowledge

evidence of "substantial and undisputed damage”
in 2017 and 2018, as well as evidence that
increasingly onerous label restrictions would

not be followed.!3 In addition, the Ninth Circuit
Court ruling continued, “the EPA entirely failed to
acknowledge the risk that over-the-top dicamba
use would tear the social fabric of farming
communities.?? Another in-crop dicamba
product, Tavium {Syngenta), was registered with
the EPA in early 2019 and was not included in this
court ruling.

While unregistered pesticides cannot be sold or
distributed for use, the EPA’s final cancellation
order for the three dicamba products following the
court ruling allowed commercial applicators and
growers to use existing stocks that were in their
possession by the date of the court ruling through
the end of July 2020. Many states are adhering to
their previously agreed upon 24{c} labels in light
of the EPA's clarification of how the court ruling
would be enforced.

While individual states grapple with the backlog
of injury complaints and many more injuries

are going unreported, all eyes are on the EPA’s
authorization decision permitting dicamba for
soybeans and cotton, which is likely to come

out by the end of 2020. In addition, the EPA

is currently considering new applications for
dicamba resistant corn, though the technology is
still a few years from market. Dicamba products
are already applied to several million acres of
corn annually, but the resistance trait would likely
resull in much more widespread use, and later in
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the season. In 2015, Monsanto estimated that the
technology might be adopted on as many as 9 out
of every 10 acres of corn, or around 80 million
acres, Currently, manufacturers have requested
an increase that would more than double the
maximum allowable annual application rate

in corr. The prospect of 80 million more acres
receiving applications of dicamba herhicides-—
opening up many millions more acres of wild,
ornamental, and crop plants to off-target dicamba
injury—without the proper scientific and

ecological risk assessments is very alarming.

Estimated Agricultural Use for Dicambe, 2017
: EFsst-Low

surrently available.

Recent settlement announcements by Bayer for
crop damage claims from farmers on the use

of dicamba herbicides developed by Monsanto
and BASF are another example of ongoing legal
developments. However, these legal decisions do
not fully address the impacts of dicamba to native
plants, trees, and wildlife and as we describe in
this report, there is much cause for concern. Given
pending court challenges to the registration of
new 2,4-D products and upcoming registration
decisions for dicamba products, research on these
off-target impacts is critically important,?

The prospect of 80
million more acres
receiving applications
of dicamba herbicides —
opening up many
millions more acres

of wild, ornamental,

and crop plants to
off-target dicamba injury
— without the proper
scientific and ecological
risk assessments Is

very alarming.

Legal avenues may help halt the use of dicamba
herbicides until ecological risk has been more
fully assessed, given the widespread damage and
lack of thorough scientific review outlined

above. Over the longer term, however, the
problems with dicamba injury—as well as
growing weed resistance—highlight the
underlying structural issue of overdependence on
herbicides for weed management across millions
of acres of American cropland. We outline how
the weed resistance treadmill makes sustainable,
diversified weed management a critical
investment for the long term,
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—asllience In Weed Management Systems

erbicide control of agricultural weeds is simple,
time-saving, and cost-effective, which is why it

has been widely adopted—and often used
exclusively over other weed management strategles. However,
widespread resistance among weed species to glyphosate
and increasing emergence of weeds resistant to other widely
used herbicides underscores the fragility of this management
svstem. Repeated herbicide application to a plant population

can lead to the development of herbicide resistance in those
plants over time. Once traits that confer resistance appear
i a population, a small patch of resistant weeds can quickly
colonize an entire field. Certain modes of action are less
prone to the development of resistance, but glyphosate is
only one of many herbicides facing a loss of efficacy against
weed species. Palmer amaranth, waterhemp, and several
other row crop weed species have developed resistance o

multiple herbicide modes of action, including volatile growth

regulator herbicides.*** Weed scientists in Kansas identified
populations of Palmer amaranth resistant to dicamba and

2,4-0r in 201839 Dicamba resistance has also been reported

in Tennessee and other areas of the mid-South, which saw
widespread performance failures of dicamba in 219,166

Herbicide-resistant weeds can spread quickly——moving
from a single introduction to over 20% of a field area
within ? years—when managed only with the herbicides
to which they've developed resistance. Palmer amaranth
and waterhemp are prolific seed producers and have a
zero tolerance threshold, as individual plants can deposit
thousands of seeds into the seed bank.%" Surveys estimates

that glyphosate-resistant weeds infest around 120 million
acres of ILS. farmland, including over half of soybean
acreage.> 17 With millions of acres of row crops planted
to dicamba-resistant varieties, weed resistance to
dicamba will likely spread quiclly in the absence of other
management strategies.

Herbicide-only weed management puts growerson a
resistance treadmill that is not sustainable. Over reliance

on herbicides, especially individual herbicide modes of
action, leads to the development of resistant weeds, which
in turn leads to more intensive use of the same or additional
herbicides and eventual failure of the products.

With millions of acres

of row crops planted

to dicamba-resistant
varieties, weed resistance
to dicamba will likely
spread quickly in the
absence of other
management strategies.
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Ecological weed
management practices
include choosing

crop varieties that are
competitive with weeds,
adjusting planting
dates and depths of
crops to help get ahead
of weed growth, and
managing nutrients in
ways that give crops the
competitive edge.

The short-term problem with dicamba and other volatile
herbicides used for controlling broadleaf weeds is the
mereased risks of off-target injury to sensitive crops and
wild plants, with potentially widespread ramifications for
msect, bird, and other wildlife populations that interact

with and depend on these plants. Over the long term, the
issues are broader: weed management systems dependent
on broad-spectrum herbicide applications are contributing
to biodiversity loss across millions of acres of agricultural
land.'® Adoption of herbicide-resistant technology and the
associated widespread use of broad spectrum herbicides has
led to decreased diversity in intensive agricultural systems
(of crops, weeds, other wild plants, soil microbiota, beneficial
insects including pollinators, etc.}, both from reduced use of
mixed rotational cropping systems and from indivect effects
of herbicide applications on wild plants and animals.

Integrating ecological weed management strategies that help
eliminate seed production and reduce the scil seed bank
(e.g.. not allowing Palmer amaranth, waterhemp, and other
prolific seed producing weeds to go to seed} will be critical
for building resilience into weed management systems in
row crops, 109

More growers and companies need to be locking for longer-
Y
with approaches that are based on ecological principles and

term sustainability of weed management systems, starting

reduce reliance on herbicides. Multi-tactic strategies that
mcorporate diverse weed management techniques such as
weed seed prevention, as well as cultural, mechanical, and
biological strategies, can help farmers achieve more effective
and sustainable weed management.* %31 By focusing on
prevention, growers can reduce the need for chemical inputs
to control weed populations, but also prolong the lifespan of
chemical products for when they may be needed, slowing the
progression of herbicide resistant weeds.

Ecological weed management (EWM) emphasizes preventive
and non-chemical control tactics—the “many Httle hammers”
of weed prevention and contrel over the "large hanmmers” of
cultivation and herbicide. %1% Ecological weed management
practices include choosing crop varieties that are competitive
with weeds, adjusting planting dates and depths of crops to
help get ahead of weed growth, and managing nutrients in
ways that give crops the competitive edge. Adopting multiple
strategies for weed control can help reduce or eliminate the
need for herbicide applications. On farms where herbicide-
resistant crops are used, the use of additional physical,
cultural, and biological weed control techniques can help
delay the development of herbicide-resistant weeds 114115
Used together with other farming practices that build soil
health and protect water quality, these practices can help
improve on-farm biodiversity, including the diversity and
abundance of pollinators and other beneficial insects.

The list of weed seed conirol options continues to grow, and
includes increasing to four or more crops inte a rotation,
growing more than one crop per calendar year, using
conservation tillage, tine weeding, using cover crops with
other integrated pest management strategies to suppress
weeds, interseeding cover crops, and using innovative weed
management tools and practices such as weed zappers and
harvest weed seed destructors, as well as by using nature’s
natural weed seed eaters to help with the work by creating
space for nature on the farm.'®® University researchers

and private companies are working on new precision
technologies, including drone-applied spot sprays and robotic
weed control, Mechanical control with autonomous robots
may play an important role in sustainable weed management
in the future, but this technology is likely at least a decade
away from commercial release 16
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Hf using chemical methods of weed control, farmers

should practice careful herbicide resistance management
by rotating different herbicide modes of action and not
continually applying herbicides in the same grouping 120
Spot spraying and hand weeding in fields and field margins
can also be important in a zero tolerance approach. Farmers
can also burn collected piles of weeds that have already
produced seedheads. Howevery, even with careful resistance
management, cross-resistance to multiple herbicides can
sometimes develop.

Given that a multi-tactic approach with a strong emphasis

on proactive and ecological weed management may be
critical for building resilience into weed management
systems, it is important to acknowledge there is considerable
tag in adoption rates, 1% Changing behavior is rarely easy,
particularly when social norms—as well as the ease

and affordability of the current system~-—do not support
such changes. IWM and EWM have greater uncertainties,
compared to chemical methods, around efficacy, cost, and
reliability of different cultural and mechanical methods 124122
There is a need for increased research to bridge these

uncertainty gaps, as well as a need for technical support providers that are knowledgeable in these
areas and that can help farmers best utilize alternative and more ecologically beneficial methods

of weed control for their farm. A study of the progression of weed management systems concludes
that short term fixes such as new herbicide technologies continue to perpetuate underinvestment

in public domain research on weed management, which hinders the adoption of more complex but
sustainable weed management systems.}2? Additional research has indicated that acknowledging and
incorporating local knowledge and decision making stressors into the design of EWM can contribute to
long term behavioral shifts, essential for adoption of these techniques 24

Harvest weed seed control is a proven approach o reducing weed seeds in the soll seed bank
without relying completely on herbicide contral 17 These mathods for removing weed sesds from
tields af the time of havest, o ensure that they cannot relurn to the soll are continually being
fine-tuned. New research suggests thal mechanical seed destruction can kill between 97-100%
of weed seeds at harvest, reducing Inputs of weed seeds into the soil sead bank '€ Another
harvest-time solutdion is creating narrow, 30-inch windrows of chaff and straw, then immediately
burning the windrows o desbroy remaining seeds, which can also achieve up to 8 100% sesd
kil 12 These harvest weed seed solutions can help provide non-chemical control of berbicide-
resistant Palmer amaranth, waterhemp, and other wesds In the mid-Bouth. Cover crops can also
contribute to contral of these herbicide-resistant weeds! for example, the excellent smother crop,
cersal rye, which can be tenminated by rolling and cimping instead of by herbicides.
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icamba herbicides pose significant
threats to wild plants and the wildlife

that depend upon them-—even when
used as prescribed on their labels. Widespread
use of dicamba herbicides throughout the
growing season i3 leading to injury to sensitive
crops and wild plants, with potentially sweeping
ramifications for insect, bird, and other wildlife
populations. These effects are rippling throughout
numerous food webs and ecosystems.

Policymakers need to take a range of steps over
the short and long terms to Hmit the destructive
effects of dicamba.

Short term

Approving the use of new dicamba products
without adequate ecological impact studies has
proven to be short-sighted and has resulted

in unacceptable harm to the environment.

Short term regulatory fixes requiring stricter
labelling information have not proven effective

in preventing further harm. Given these findings
and the many additional areas of research needed,
the EPA should not renew dicamba product
registrations unless and until further independent
research shows with certainty that dicamba
formulations will not cause off-target injury to

crops, wild plants, and biodiversity, including from
vapor drift. In fulfilling this research on njury to

non-target plants, EPA should include a full risk
assessment for animal and plant species listed
under the Endangered Species Act, migratory
birds, native pollinators, and aquatic life. The
FIFRA Scientific Advisory Panel should provide
recommendations to the EPA on how to update
the current ecological risk assessment processes
to better address the impacts to terrestrial
biodiversity including comimunity and population
level plant and invertebrate abundance,
persistence, and richness.

Additionally, the EFA should review and revise
lahel language on products registered for over-
the-top application in corn to better address drift
and volatility concerns in line with the application
and label requirements for products used over-
the-top in soy and cotton. The USDA should

reject petitions for the deregulation of additional
dicamba-resistant crop varieties that would result
in increased use of dicamba, unless and until
independent research shows with certainty that
associated dicamba formulations will not cause
off-target injury to crops and wild plants, including
frem vapor drift.

Because the restrictions of a pesticide’s use

are based largely on the number and type of
complaints received, state agencies that deal with
specific aspects of their pesticide laws should
work collaboratively to improve the pesticide

incident reporting process and the effectiveness
of their pesticide laws and regulations to ensure
that pesticides are not causing unreasonable harm
to crops, human health, and the environment.
Injuries to agricultural and non-agricudtural plants
and animals should be investigated, recorded,

and given equal consideration, even when it
appears that the injury is a result of volatility. The
reporting process should be easily understandable
and accessible to growers, private landowners,
and private and public land managers. States
should also be given the adequate financial
resources reguired to improve the reporting
process, potentially through increased

pesticide registration fees, as well as to

investigate incidences and properly enforce

their pesticide laws.

Finally, the lack of publicly available information
on pesticide distribution and use, as well as
pesticide injury claims, makes it difficult for
scientists and policymakers to assess and make
informed decisions about the potential harm to
crops, bodiversity, and human health. California
is the only state in the country with an exfensive
publicly available database of pesticide use
reporting.1*® States should improve transparency
in the injury reporting process and malke data
on pesticide use and distribution publicly
available to better ensure public health and
environmental protection.
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Long term

A longer-term Investment in sustainable weed
management which includes adoption of multiple
approaches is critical. Reliance on herbicide-only
weed control is not effective or ecologically sound
over the long term. We need to shift to sustainable,
ecologically sound weed management systems
that use multiple approaches to manage weed
populations in crop fields. Greater investment

is needed to support research on integrated

weed management and the ecological impacts

of herbicide use. Financial resources are also
needed to support the development of economic
and behavioral drivers that will increase
adoption of these muiti-tactic approaches to
weed management. Additionally, training and the
deployment of technical service providers and
tools to support farmers making these transitions
has to be prioritized to achieve these goals.

This report has outlined what little is known of
the impacts of dicamba and similar plant growth
regulater herbicides to herbaceous and woody
plants and the wildlife that depend on them. It also
summarizes the many unknown off-target impacts
of these herbicides that need to be addressed in
future research. While current dicamba injury
claims, rulings, and setflements almost exclusively
address crop damage, harm to wildlife and habitat

ment is nesded In research and lfechiical suppoit for intagrated waed management systems. Cradit: USDA NRCS Zouth Dakola.
cannot be ignored. To better address these concerns, we have provided recommendations on immediate
policy actions to address research gaps before any decisions on re-registering dicamba herbicides for
agricultural use can be made.

Bevond policy modifications and improvements, we have also included measures that farmers and other
producers can take, including a variety of ecological weed management strategies that can help eliminate
weed seed production and reduce the soil seed bank, reducing reliance on herbicides and building
resilience into weed management systems. We recommend significantly increasing investment to facilitate
the shift to diversified weed management and cropping systems that grow crops based on agro-ecological
principles. These measures will ensure that we regenerate the soil and protect terresirial and agquatic
habitats for people and biodiversity.
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+ The EPA should not renew over-the-top product registrations unless
and untll indspendent research shows with certainty that dicamba
formulations will not cause off-target Injury 1o crops and wild plants,
including from vapor deiit

s The FIERA Bolentific Advisory Pansl should provide
rcommendations o the EPA on how o update the current seological
risk asseszment orocesses 1o better address the impacts 1o
terrestrial blodiversity le.g.. community and population level plant and
invertebrate abundance, persistence, and richness).

+ The EPA should Include g full risk assessment for animal and plant
species listed under the Endangered Bpsciss Act, migratory birds,
native poliinators, and agualic life that includes direct and indirect
sifscis from sxposure to dicamba dus to deift, volalilization, and runoff.

s Baced on these additional risk assessments, there should be
consistent regulation 1o reduce off-tamel movement and volalility
across all dicamba-based herbicides, including oider formuilations.

s The USDA should reject petitions for the deregulation of additional
dicamba-resistant crop vareties that would resull in Increased use of
dicamba, unless and untll independent research shows with certainty
that assodiated dicamba formulations will not cause off-tagel njury o

crops and wild plants, including from vapor difL

& Siate agencies that deal with specific areas of thelr pesticide

laws should work collaboratively 1o improve the pesticide incident
rsporting process for theilr siate. The repotding process should be easily
understandable and accessible 1o growers, private landowners, and
privais and public land managers thal desire 1o report crop or

non-crop related injuries 1o plants or animals, Blates should also

be given the adenusate financial resources reguired 1o improve the
reporting process, as well 85 10 Investigate incidences and properly
enforce thelr pesticide laws,

= The lack of publicly available information on pesticide distribution
and uss, as well as pesticide nitry clalms, makess it ditficul! for
scientists and policymakers 1o assess and make informed decisions
about the potential harm to crops, biodiversily, and buman health,
Slates should improve transparency i the injury reporting process
and make data on pesticide uss and distribution publicly avalisble
in a timely manner, in order to betler ensure public health and
environmental protection.

¢ Sustainable weed management includes adoption of mullinle
approachss o managing weesds rathet than an overreliances on
herbicide-only weed control Greater investiment is needed 1o support
research on integrated weed management and the ecologicsl impacts
of herbicide use. Financial resowrces are also needed {o support the
development of economiic and behavioral drivers that will morease
adoption of these mulli-tactic approaches 1o weed management

¢ We need greater nvestment in technical service providers and
financial and technical assistance programs that facilitale the shift 1o
sgro-seological systems that regenstale the soll and protect alr and
water for people and biodiversity.
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